Additionally, maximum spring discharge explained 71% of the variability in annual mat severity. This study contributes to the understanding of mat severity dynamics and illustrates the value of volunteer monitoring networks for studying complex ecosystem dynamics.
| INTRODUCTION
In July 2006, unprecedented algal growths were reported in the Matapedia River, a major tributary of Restigouche River, one of the most important Atlantic salmon rivers of the Gaspe Peninsula in eastern Canada. The growths were identified as Didymosphenia geminata (Lyngbye) M. Schmidt, a mat-forming diatom frequently associated with the clear and cold waters of pristine rivers. This was the first incidence of this species reported at nuisance levels in eastern North America. D. geminata can produce thick growths of dense fibrous stalk material covering the entire streambed surface and persist for several months (Biggs, 1996; Larned et al., 2007; Spaulding & Elwell, 2007 ; Figure 1 ). It is therefore not surprising that it has been reported to modify the aquatic food base, alter ecosystem structure and function (Gillis & Chalifour, 2010; Larned et al., 2007) , and decrease the aesthetic value of affected rivers (Beville, Kerr, & Hughey, 2012 , Spaulding & Elwell, 2007 . Soon after its appearance in 2006, D. geminata became conspicuous in many other rivers of the Gaspe Peninsula and New Brunswick, Canada. However, several rivers remained unaffected, raising questions as to why mat formation would occur in some rivers and not others. In their conceptual model for the blooming behaviour and persistence of D. geminata, Cullis et al. (2012) emphasized the role of water chemistry, river morphology, and flow thresholds in defining the habitat window of this alga. According to this model, cold, clear, and shallow waters are required to provide the amount of light necessary for the growth of D. geminata, whereas high flow events generate the critical shear stress and bed material transport causing the removal of the algae. Although the conceptual model is based on numerous field observations, the authors concluded that the validation of its components would require field data offering both good spatial coverage and longer time series observations. In fact, most of the existing studies on the variability of D. geminata encompass, on average, a 2-year period.
In eastern Canada, although some regional-scale observations provided insights on the distributional range of D. geminata, presence-absence data were scarce and too infrequent to allow a comprehensive analysis of the factors determining its distribution. In addition, observation methods were not standardized across stakeholders and agencies, therefore limiting comparability of mat severity between watersheds. Thus, a more systematic monitoring programme was required. To achieve the collection of a long-term dataset while constrained by limited financial resources, there was therefore a need to create a D. geminata monitoring network following a citizen science approach. Several examples have shown the ability of citizen science to gather valuable scientific data while involving citizens in a true collaborative partnership with academia (Chopyak & Levesque, 2002; Crall et al., 2010) . Such an approach has, for example, contributed to the early detection and monitoring of emerging nuisance species across local and regional scales (Crall et al., 2010; Lodge et al., 2006) .
In the case of the Restigouche River, the first objective was therefore to identify habitat types most favourable to the D. geminata mat formation and persistence. This was accomplished by collecting a comprehensive dataset describing the longitudinal distribution of river habitat types and D. geminata mat occurrence along a 65-km-long section of the Matapedia River in 2007. The second objective was to involve volunteers from several key organizations to generate a long-term dataset from standardized visual monitoring of D. geminata describing this alga's spatial and temporal variation throughout the watershed for at least 6 years, beginning in 2010. Last, the final objective was to analyse the dataset generated from the monitoring network to determine the effect of discharge on the interannual variability of D. geminata mat severity. anglers, and field technicians; see Table 2 ) helped define monitoring site locations. While aiming for a well-distributed sampling effort, care was taken to make it possible for volunteers to include data collection in their daily routine. This approach yielded a high participation rate among targeted groups and promoted volunteer retention through the duration of the study. Within the Restigouche River watershed, the network currently involves 70 volunteers from 22 different key organizations with an interest in Atlantic salmon conservation.
| DoMiNo volunteer booklet
To assist volunteers in the proper collection of data, an English and were provided to ensure that all relevant information was collected (i.e., name of the observer, date, location, percent cover category, thickness, and type of coverage [mats or tufts]) and allowed for consistency in data collection among volunteers.
| Training
At the beginning of each monitoring summer, participants of each organization took part in an interactive training session where they were taught how to identify D. geminata adequately, how to use the monitoring network booklet, and how to collect data. When possible, volunteers were also accompanied in the field by the authors to conduct live search and identification of D. geminata. As recommended by Bonter and Cooper (2012) , frequent follow-ups (i.e., communication and field visits) were conducted throughout the sampling period to ensure proper monitoring, data quality, and limit interoperator variability (Kilroy, Booker, Drummond, Wech, & Snelder, 2013 Kilroy (2006) and enables the production of a standardized metric that can be compared across local, regional, national, and international scales . In this manuscript, we use the SCI as a proxy defining D. geminata mat severity. One-way analysis of variance showed that mean SCI values did not vary significantly between stream order.
2.4.3
Of the various hydrological metrics, maximum spring discharge was the only one that exhibited a significant correlation (p < .05) with SCI (i.e., D. geminata mat severity) under any of our regression analyses (linear, exponential, and power). Using a power regression model ( Figure 5 ), maximum spring discharge (Q max ) explained 71% of the observed variability in SCI (R 2 = 0.71, p < .05). Furthermore, the distributions of mean SCI and maximum spring discharge differed significantly (two-sample KS test: p < .05) indicating that when maximum FIGURE 3 Frequency of Didymosphenia geminata mat presence (dark grey) and absence (light grey) in various habitat types of the Matapedia River spring discharge is high, severity of D. geminata mats in the following months will be significantly lower.
| Data quality
Over the course of six monitoring periods, less than 2% of the data needed to be corrected due to over or underestimation of D. geminata 
| Factors driving D. geminata mat occurrence and severity
At the reach scale, our results indicate that the spatial variability in D. geminata mat coverage was explained by habitat characteristics.
FIGURE 4 Maps of interpolated Didymosphenia geminata mat severity throughout six monitoring periods between (a) 2010 and (f) 2015. Severity scale is presented in Map A, and colour classification is based on Kilroy and Wech (2012;  D. geminata mats were occasionally found in runs and pools but were most prevalent in riffles. They were however almost completely absent from rapids. Rapids may render unsuitable conditions due to high shear stress and higher frequency of bed load transport causing mat scouring whereas light availability is limited in deeper pools. This result supports previous observations that geomorphological units define physical habitat suitability for mat colonization and growth (Cullis, Spaulding, & McKnight, 2015; Miller et al., 2009 ). Runs and riffles offer optimal conditions for D. geminata colonization, mat development, and persistence due to their shallow depths, high light availability, and stable substrate between high discharge events.
At the watershed scale, analysis of the correlation between the mean annual SCI against multiple hydrological metrics showed that maximum spring discharge best explained interannual variability in SCI. As a corollary, high maximum spring discharge was associated with a lower proportion of "red" work by George and Baldigo (2015) found that the frequency of high-flow events significantly decreased stalk biomass.
| Data reliability and limitations
The quality of data collected by citizen science initiatives is often criticized. However, good-quality data can be ensured by proper sampling design, standardized methods, and appropriate training (Delaney et al., 2008; Yoccoz, Nichols, & Boulinier, 2003; Schmeller et al., 2009 ). Kilroy et al. (2013) found that assessments of visual periphyton surveys by multiple participants were not a challenging issue if given proper training. A review by Crall et al. (2010) also highlighted that appropriate training can provide ample scientific skills for neophyte volunteers to collect required data. As in Dickinson et al. (2012) , the availability of an educational tool (here the monitoring network booklet) promoted and facilitated the collection of appropriate data while maintaining awareness and reminding users of the importance and relevance of their efforts. Quality control of citizen science data is however a necessary step to validate data consistency and reliability (Bonter & Cooper, 2012 (Cullis et al., 2012) nor entirely account for observed seasonality and yearly variability (Kilroy & Wech, 2012; Kirkwood, Shea, Jackson, & McCcauley, 2007) , this study highlights trends in interannual SCI variability driven by the hydrological regime. 
